. Goodness of the model fit to the data was also evaluated through the relationship between the residuals and the model predicted values of BOD 5 r, CODr and SSr. The advantage of this model is that it would allow a better process control.
I. Introduction
The increasing pace of industrialization, urbanization and population growth that our planet has faced over the last one hundred years has increased environmental pollution and affected water quality. Water quality is a term used to describe the chemical, physical and biological characteristics of water with respect to its suitability for a particular use. Water quality is affected by a wide range of natural and anthropogenic influences. Natural processes (hydrological, physical, chemical and biological) may affect the characteristics and concentration of chemical elements and compounds in freshwater. In addition, there are also anthropogenic impacts that affect water quality (Dione, 2002) , such as human-induced point and nonpoint pollution sources. In this context, wastewater treatment has become one of the most important environmental issues, insofar as it reduces pollution of natural water resources -i.e. groundwater, transitional water and coastal water promotes sustainable water reuse, protects the aquatic environment, and improves the status of aquatic ecosystems. However, for making them effective, it is pertinent to monitor the performance of the wastewater treatment plants (WWTPs) on a regular basis (Hanbay et al., 2008) . The organic pollution indicator variables such as biochemical oxygen demand (BOD), chemical oxygen demand (COD), total Kjeldahl nitrogen (TKN), and ammonical nitrogen (NH 4 -N) are considered as the key parameters for describing the wastewater characteristics and their corresponding ratio in the effluent to influent wastewater as a measure of the overall performance for a conventional WWTP.
Within cities of the south eastern Mediterranean Sea, natural water resources are limited, whereas their demand is constantly increasing. Therefore, non-conventional water resources became important to reduce waste discharges to surface waters and to improve potential water resource. In Tunisia, the reuse of treated wastewater (TWW) has been adopted since the 1960s. Treatment of this potential source becomes imperative before use.
Activated sludge is the most common biological technology used for domestic wastewater treatment in industrialized countries around the world. Hence, it has been adopted since the 2006s by WWTP of Sfax city (Tunisia). The considered plant was an aerated lagoon, established in 1983 with average daily capacities of 24,000 mmaintain high solids concentrations and rates of reaction. The distribution of these functions can vary within an activated sludge duo to seasonal flow rates variations (Hamed et al., 2004) , seasonal variability of biomass density (Patricia et al., 2010 ) and aeration conditions. Such variations may result in an operational risk impact on the plant and an improper operation of WWTP may lead to discharge of contaminated effluents causing serious environmental and public health problems. Accordingly, environmental regulations set restrictions on the quality of effluent that must be met by any WWTP.
In this context, the present study deals with the evaluation of the performance of the wastewater treatment plant of Sfax city (Tunisia) after its rehabilitation and retails the influence of multiple intrinsic and extrinsic factors on its characteristics. In order to achieve this objective, exhaustive data from a previous threeyear experiment were statistically treated. Statistical tools such as forward stepwise regression models were employed to predict the plant performance based on past observations of certain key product quality parameters. These results would simplify design decisions to optimize pollutant removal from urban wastewaters.
II.
Materials & methods
Description of Sfax wastewater treatment plant facilities after rehabilitation
Since 2006, low activated sludge process has been adopted by Sfax wastewater treatment plant. The plant treats the sewage discharge derived from approximately 526, 800 inhabitants, here by referred to as population equivalents (PEs), including mostly municipal sewage and approximately 30% industrial input. The process flow of the examined plant is illustrated in Fig. 1 .
The original sewage, composed of municipal and industrial wastewaters, first passed through the mechanical screen and aerated grit chamber. Then, the sewage was directed to the primary sedimentation tanks. Sewage from the primary treatment is passed for biological or secondary treatment. The secondary treatment adopted is consisting of on alternating anoxic/aerobic (A/A) bioreactors helping simultaneous removal of nitrogen and phosphorus. Air is supplied into the aerobic reactors with 16 aerators for the growth and reproduction of micro-organisms which assimilate and decompose the organic matter in the sewage. The dissolved oxygen was controlled at 2 mg O 2 /L and the hydraulic retention time of the activated sludge was approximately 40h. Finally, the effluent from the A/A reactors is settled in secondary sedimentation tanks. 70% of the secondary effluent was directly discharged to a close sea, the rest to a nearby El Hajeb in order to reuse for irrigation. Part of the settled sludge was returned to the bioreactors and the remaining part was pumped into a storage tank as excess sludge. After being dewatered, the excess sludge was carried away in drying beds. The treatment capability of this STP was 49,500 m 3 /day. The A/A bioreactors were operated with a solid residence time (SRT) of approximately 3 days. 
Monitored parameters and analytical methods
Study was carried for a period of three years (2008 -2010) and samples were collected on weekly basis from raw wastewater and treated effluent.
Raw influent

Screen
Grit 5 ) was determined by the manometric method with a respirometer (BSB-controlled Model OxiTop WTW). Moreover, total nitrogen (TKN) was measured by the Kjeldahl method (Gerhard Automatic system). The Phosphorus content (TP) was measured calorimetrically by atomic absorption (HITACHI, Z-6100 model). The mixed liquor suspending solid (MLSS) was determined by wastewater settling for 2h. The suspended solids (SS) were determined by filtration and drying at 110°C. Organic matter in raw wastewater were analysed by gas chromatography coupled with mass spectrometry (GC-MS). The GC-MS analyses were carried out with gas chromatography (GC, Hewlett-Packard 6890 Series, Agilent Technology) equipped with a mass spectrometer (MS, Hewlett-Packard 5973 Mass Selective Detector, Agilent Technology). Data of wastewater temperature was measured on the site using mercury thermometer. Information about air temperature and rainfall was obtained from the Meteorological Agency. Faecal coliforms (FC) and faecal streptococci (FS) were estimated according to ISO 4832 (1991) and AFNOR (NF T90-411, 1989) water standard methods.
Removal efficiency of studied plant was determined as the percentage of decrease in influent with respect to effluent for each parameter measured.
For wastewater characterization, three replicates were used in each parameter. For colony forming unit (CFU) estimation, two replicates and three Petri dishes were made for each substrate concentration with all bacterial strains. The means and standard deviations of analysis/determination results were calculated using the XLSTAT (version 7.5.2)
All statistical analysis was performed using the ITCF statistical software package (STATIT-CF, 1987). Simple correlations were used to determine if significant relationships existed between parameters concentrations in raw wastewater (dependent variables) and treated effluent (independent variables). Stepwise multiple regressions were used to determine which parameters were significant in forecasting the dependent variables (biological oxygen demand removal (BOD 5 r), chemical oxygen demand removal (COD r ) and suspending solids removal (SS r )). Once the independent variables, significantly associated with dependent variables, the coefficients of determination (R 2 ) for regression models were calculated. The relative contribution of each independent variable to the variation of dependent variables removal efficiencies in selected models was determined. The models were tested for goodness of fit by using the Student's t test and the F test. After the models have been constructed, they were graphically analysed for goodness of fit by plotting the actual against the predicted results.
III.
Results and discussion 3.1. Performance evaluation of the plant 3.1.1. Wastewater flow rate Monthly evolutions of wastewater volumes showed irregular variation depending not only on water consumption rates of the population but also on the precipitation inflow in the city which combined sewer systems ( 
Figure 2. Evolution of wastewater volumes (a) and precipitation (b)
The largest monthly volumes of wastewater are observed in fall season (September, October and November) of the studied period (between 1.2 × 10 6 and 1.8 × 10 6 m 3 ), characterized by important storm runoff discharge rates (Fig. 2a) ; while the fewest monthly volumes (except for January and February 2010) are showed in winter season. This might be owing to the least amount of precipitation ( pH Jun water consumption rates of population over this period. Despite the importance of precipitation in January 2008, wastewater volumes are relatively small. This is due to the character of regional precipitations (weak downpours spread out over prolonged periods). Concerning the summer season, where precipitation are very limited and even with the more important consumption rates, wastewater volumes remain below registered volumes in the fall season.
pH
pH is a fundamental factor for water quality which mainly depends upon a variety of chemical factors, e.g., dissolved gases, organic acids, humic fractions and inorganic salts. The decomposition of organic fractions of wastewater, mainly by microbes in water, produces some acidic species of mineralized organic materials (CO 2 , ammonia, NO 3 -and organic acids) which plays an important role in shifting of pH scale of treated water. During the study period (2008 -2010) , the treated effluent pH is mostly higher than that for the raw wastewater (Fig. 3) . Measured pH values were consistently increased by between 0.2 and 0.9 units giving relatively stable monthly average pH effluent between 7.8 and 7.9. 
Temperature
During the investigation study, the average values of wastewater temperature are 18.8°C, 19.5°C and 19.6°C, respectively (Fig. 4a) , and this were in the range with the meteorological means of 24.7°C, 25°C and 25 (Fig. 4b) . The highest wastewater temperature (between 25°C and 29 °C) was reached in July-August, and the lowest values (between 11°C and 12.5°C) was recorded in February, similar to the air temperature. In order to investigate type and origins of organic compounds during this entire period of high loading rate of organic matters (in terms of COD), GC-MS analyses were carried out. Results suggested that the largest group of organic matters were short and long-chain fatty acids and their methylsilyl ester (Nos. 18-26 in Table 1 ) originated from human excreta, soaps, food oils and fats. To the best of our knowledge, Sfax is the fourth largest olive oil producer in the world (Ministère de l'Agriculture et des Ressources Hydrauliques, 2008), and its industrial activity generates a huge volume of olive mill wastewater (OMW). Thus, OMW is an acidic effluent (pH 4.5 -5.5) with an excessive high organic load which includes high levels of phytotoxic and microbial inhibitor compounds, such as phenolic and long-chain fatty acids. It is of interest that emphasize be laid on the presence of phenolic compounds (Nos. 8 in Table 1) in the raw wastewater which constitute a significant part of the organic content of olive wastewater (Hachicha et al., 2009 ). Hence, the seasonal olive mill wastewater (OMW) production, from January to the end of April, discharged to sewers was one of the most common reasons in the gradual increase of COD in the raw waste water during February and April. With the occasional rainfall that occurred in July 2009, we can deduct that this maxima of COD are dependent of rainwater effect. They can be attributed to a dumping of particular industrial wastes. The next largest group found in the raw wastewater were Nitrogenous compounds such as caffeine (Nos. 12 in Table 1 ) and indoles (Nos. 9 and 10 in Table 1 ) which can be largely attributed to protein, peptide or amino sugars (Berwick et al., 2007) . A foaming which occurred seasonally during this crucial juncture probably contributed to periodically high Nitrogen loading. Consequently, the settle ability of activated sludge was deteriorated as shown in the gradual increase of Sludge Volume Index (SVI) until it reached a steady state at 280 ml/g. The raw wastewater during this entire period also showed relatively high abundances of alkyl aromatics (Nos. 2-5 in Table 1 ) which are common constituents of petroleum and many of the industrial hydrocarbon based chemicals produced from it (e.g., lubricants, plastics, paints, adhesives).
The variation of monthly average COD values, in treated effluent showed a trend which is not consistent with that of raw wastewaters (Fig. 5b) . As regards to the results of the statistical analysis, lack correlation between raw wastewater and treated effluent (R 2 = 0.149) ensures the dependence of downstream conditions on the other factors than upstream conditions. This fact could be assigned to an irregular work of aerators functioning. During the studied period, the monthly COD values exceeding Tunisian standards (90 mg O 2 /L) confirm a chemical disequilibrium of the system. (Fig. 5c ). Its general trend is not similar to that of COD. It is characterized by a decreasing rate from 595 to 487 mg O 2 /L. Moreover, it is important to note that over the period 2008-2010, the representative BOD daily average load was shown to be lower than the recommended value of 21,600 Kg per day.
In treated effluent, the monthly average BOD 5 values showed, in general, the same decreasing trend as in raw wastewater (Fig. 5d) . The decreasing rate of values is much more important in treated effluents, especially during the first period (2008 -2009). Over the studied period, despite the conformity of upstream values to the recommendations, the downstream values are relatively higher than Tunisian standards (30 mg O 2 /L). Absence of linearity (R 2 = 0.3615) between monthly average BOD 5 in raw wastewater and treated effluent could be attributed to a particular behaviour of organic matter in the wastewater treatment plant. This situation might cause massive production of biomass in the aeration tanks, which affects overall levels of dissolved oxygen.
Over the period 2008 -2010, the evolution of monthly SS concentrations in raw wastewater showed similar trend to that of COD. It is characterized by two evolution phases (Fig. 6a) Monthly average per year SS concentrations in treated effluent showed a marked variability from a month to another (Fig. 6b) . Maxima appeared independent of upstream values. Statistical analysis show also lack linearity (R 2 = 0.0272) between raw wastewater and treated effluent. This testifies a particular behaviour of SS in the plant. The aeration conditions of wastewaters in the aeration tanks are probably the main factor of this SS behaviour.
Bacteria
Faecal indicator organisms (FIO) have been extensively used to evaluate water quality and have historically led to the public health protection concepts. Based on the monthly measurements performed in the studied plant from 2008 to 2010, the results showed a trend of faecal coliform characterized by two antagonistic evolution phases in raw wastewater (Fig. 7a) : the first is represented by an increasing rate and relatively significant monthly average densities around 5.54 log MPN/100 ml while the second showed a decreasing rate and monthly average densities close to 5.27 log MPN/100 ml. Maximum densities of 5.95, 6.25, 6.2 and 6.17 log MPN/100 ml are observed in January, (c) and treated effluent (d) The log average of MPN counts 100 ml -1 , in treated effluent showed the similar trend as in raw wastewaters (Fig. 7b) . Statistical analysis show a close relationship (R 2 = 0.9788) between raw wastewater and treated effluent. Therefore, monthly densities in treated effluent are dependent of upstream conditions. Over the studied period, despite the conformity of upstream densities to the recommendations (Garcia & Servais, 2006; Jamwal et al., 2009), the downstream densities are not enough to achieve a final effluent that would meet the Tunisian standards faecal bacteria limit for use of treated wastewater in agricultural unrestricted irrigation (3 log MPN/100 ml). It indicates that a considerable number of microbes were free in the water and could not be removed significantly by activated sludge process. Therefore, an additional treatment step is required to remove microorganisms more effectively.
Average faecal streptococci densities in raw wastewater also varied between 2008 and 2010 (Fig. 7c ). Its general trend is similar to that of faecal coliform. It is characterized by two antagonistic evolution phases: the first is represented by an increasing rate and relatively significant monthly average densities around 4.35 log MPN/100 ml while the second shows a decreasing rate and monthly average densities close to 3.9 log MPN/100 ml. Maximum densities of 5.17 and 5.34 log MPN/100 ml are observed in March and April 2009, respectively.
In treated effluent, the monthly average faecal streptococci densities showed the similar trend as in raw wastewater (Fig. 7d) . However, monthly densities in treated effluent are dependent of upstream conditions (R 2 = 0.901). Furthermore, faecal streptococci reductions were not enough to achieve a final effluent that would meet the Tunisian guidelines faecal bacteria limit for use of treated wastewater in agricultural irrigation. 
Nutrients
Nitrogen is an important indicator of water pollution and its high concentration in freshwater bodies leads to eutrophication problem. Average TKN values in raw wastewater varied between 2008 and 2010 (Fig.  8a) . Its general trend is characterized by an increasing rate from 48.32 to 60.91 mg /L. Figure 8 . Evolution of TNK in raw wastewater (a) and treated effluent (b), and evolution of TP in raw wastewater (c) and treated effluent (d) The variation of monthly average TKN values, in treated effluent showed a trend which is not consistent with that of raw wastewaters (Fig. 8b) . Furthermore, the correlation between raw wastewater concentration and treated effluent concentration of TKN was less significant (R 2 = 0.6804). This further ensures the independence of downstream conditions on the upstream conditions. Considering the nitrogen removal (79 -83%), the pH appears to be a significant parameter. Princic et al (1998) have shown that the optimal pH for the nitrification is between 6.5 and 8.5. During this study, pH values ranged between 7.5 and 7.6. Consequently, the problem shown for the nitrogen removal process is probably not related to the pH values. This problem could be attributed to the oxygen limitation in the aeration tanks, since nitrification is sensitive to the oxygen availability. The concentration of oxygen, during the studied period, did not exceed 2 mg O 2 /L. In fact, we recorded high ammonium concentration in the treated effluent, in comparison to the little amount of both nitrite and nitrate (data not shown). The non-reduced ammonia forms could be explained by the existence of uncompleted nitrification during cyclic anoxic/aerobic operation attributed to the transition of anoxic and aerobic condition, on the other hand, Vaillant et al (2004) reported that the nitrification process is affected by the BOD level of the wastewater because of the competition for available oxygen between the nitrifying bacteria and the microorganisms removing biodegradable organic matter.
Phosphorus (P) is a key nutrient which could be present in the environment in different forms: orthophosphate, polyphosphate and organic phosphorus (Sincero, 2003) . The principal phosphorus compounds in wastewaters are generally orthophosphates often linked to smaller amounts of organic phosphorus (Grubb et al., 2000) . The concentrations of phosphorus most often encountered in domestic and industrial wastewaters range between 3 and 15 mg/l (Sincero, 2003) , whereas the maximum value of 1.0 mg Total Phosphore/l is recommended for effluent discharge in many municipal and industrial wastewater treatment plants (Dartois & Daboval, 1999) . Average Total Phosphore values in raw wastewater also varied between 2008 and 2010 (Fig.  8c) . Its general trend is not similar to that of NTK. It is characterized by two antagonistic evolution phases: the first is represented by an increasing rate and relatively significant monthly average values around 41 mg/L while the second shows a decreasing rate and monthly average values close to 20 mg/L. Maximum values of 52 and 58 mg/L are observed in Jun and July 2009, respectively.
The variation of monthly average TP values, in treated effluent showed the same trend as in raw wastewater (Fig. 8d) . On the basis of the high value of R 2 (0.7489), it is suggested that monthly values in treated effluent are dependent on upstream conditions. Moreover, the mean monthly treated effluent TP levels (ranging of 3.7 to 5.80 mg/L) don't met the minimum discharge Tunisian standard (1 mg/L).
From this descriptive study, our findings showed that the performance of the plant after its rehabilitation is affected by multiple factors such as the population civilization, the inlet wastes quality, the rainwater, and the aeration conditions. Moreover, besides the above mentioned intrinsic and extrinsic factors, the plant performance would be affected by the industrial fallouts and deposits . The application of simple correlation analysis is insufficient to evaluate the simultaneous effects of multiple factors on plant characteristics because this analysis tests the relationship between a single independent parameter and a dependent parameter at a time and consequently fails to elucidate combined effects of multiple factors. Therefore, multivariate analysis including, multiple regressions and predictive models, were performed.
Multiple regression and predictive models
A linear multivariate regression model estimates the behaviour of a dependent variable based on several independent variables, provided that a linear relation exists between the dependent variable and the rest of parameters. The result of this analysis is a linear equation (y = ax 1 + bx 2 + cx 3 + . . . + d). In the present work, the forward stepwise method was particularly conducted to test the relationship between each of the changes of BOD 5 , COD and SS removal efficiencies and other variables. The independent variables included in the model were the temperature (°C), pH, CODw/BOD 5 w and rain water, as well as the influent and the effluent loading rates of COD, BOD 5 , SS and MLSS. For each of the variables entered in the model, the forward selection calculates the F statistic reflecting the contribution of the test variable to the model. For the entrance of the variables into the model, a rather liberal significance level (p = 0.5) has been selected to ovoid the elimination of the significant factor. This procedure calculates the coefficient of determination (R 2 ) for all models. Table 2 and Fig. 9 depict predictive models constructed for predicting removal efficiencies of BOD 5 , COD and SS and predicted values against measured ones are plotted. Our results showed that 97.3% ( R 2 = 0.973) of the total variation in the removal efficiency of BOD5 (dependent variable) could be explained by the biological oxygen demand concentrations in raw wastewater, the biological oxygen demand concentrations in treated effluent and the chemical oxygen demand concentrations in treated effluent. Nevertheless, it is also important to know the influence of a particular independent variable on the explanation of that variation that cannot be explained by the other independent variables. Therefore, partial analyses using variance partition were performed, where a single independent variable was included, while the others were used as covariables. Hence, successively, it was observed that the biological oxygen demand concentrations in raw wastewater was the most determining independent variable (explaining by its own 9.5% of the total variation in the change of BOD5 removal efficiency), followed by the chemical oxygen demand concentrations in treated effluent (9.4%) and, finally, the biological oxygen demand concentrations in treated effluent (3.7%). The sum of all these partial percentages (22.6%) is lower than the value obtained when all the independent variables were considered in the analysis (97.3%). This happens when independent variables are correlated, and their effects are not easy to separate. Because of this, the remaining percentage of explanation (74.7%) cannot be clearly attributed to an individual independent variable. Regarding to the SS prediction, model explains 92.5% of the observed SS removal efficiency. This, 92.5% of the total variation in the removal efficiency of SS (dependent variable) could be explained by the CODw/BOD 5 w ratio, the biological oxygen demand concentrations in raw wastewater, the chemical oxygen demand concentrations in raw wastewater, the pH in treated effluent, the suspending solid concentrations in treated effluent and the suspending solid concentrations in raw wastewater. The percentages of the influence were 25.5%, 23.4%, 21%, 12.5%, 7.5% and 4.1%, respectively.
The applicability of the models, as practical prediction tools for the changes of BOD 5 , COD and SS removal efficiencies, were tested by comparing the residuals (observed values minus average series values) of observed and their corresponding values predicted by the model (Fig. 9) . The scatter plots indicated a strong positive linear relationship between the observed and predicted variables with r 2 values of 0.986, 0.973 and 0.961 (n = 36) for BOD 5 r, CODr and SSr, respectively.
IV. Conclusions
In this study, performance of activated sludge process adopted by Sfax sewage treatment plant was evaluated. Despite the rehabilitation, descriptive analysis of water quality parameters evolution showed a particular behaviour of mineral and organic matter in the wastewater. It is affected by multiple intrinsic and extrinsic factors such as the raw wastewater quality, the variation of the population activities, the aeration conditions and the industrial fallouts and deposits.
Thus, the multivariable regression analysis surrounded the individual impacts of aforementioned factors on plant characteristics and proved their simultaneous effects. Models were building to predict the removal efficiencies of COD, BOD5 and SS, so as to evaluate the performance of the plant.
Model developed for predicting removal efficiency of biochemical oxygen demand, chemical oxygen demand and suspending solid proved strong which cover a range of data for the training, validation, and testing purposes. 
